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Abstract-2,4-Dihydroxy-7-methoxy-1,4-benzoxazin-3-one  (DIMBOA),  a hydroxamic  acid involved  in the resistance 
of  wheat  to  the  aphid  Rhopalosiphum  padi,  and  known  to  react  with  serine  and  cysteine  residues,  inactivated 
acylcholinesterases  (acylcholine  hydrolases,  EC  3.1.1.7) from  homogenates  of  whole  bodies  of adult  R.  padi.  The 
enzyme  preparation  was  shown  to  consist  mainly  of acetylcholinesterase  (AChE)  containing  an  essential  cysteine 
residue  outside  the  substrate  binding  site.  AChE  from  R.  padi,  and  also  ChE  from  other  insects  and  from  human 
erythrocytes  which  do  not  possess  such  a cysteine  residue,  were  inhibited  (I,,  in  the  mM  range)  by  DIMBOA.  4- 
Hydroxy-7-methoxy-1,4-benzoxazin-3-one,  a compound  known  to  react  with  cysteine  residues  but  not  with  serine 
residues,  did not  inactivate  AChE  from R. padi  under  similar  conditions.  The results  suggest that  inactivation  of AChE 
from  R.  padi  by  DIMBOA  does  not  occur  through  reaction  with  its characteristic  cysteine  residue. 
INTRODUCTION 
Hydroxamic  acids  (Hx)  present  in  cereals  [l],  play  a 
major  role  in the  defence  of the plants  against  aphids  [Z, 
33, through  antibiosis  [4,  51 and  antixenosis  [6, 73. 2,4- 
Dihydroxy-7-methoxy-l+benzoxazin-3-one  (DIMBOA, 
l), the main  Hx in wheat  extracts,  possesses  electrophilic 
sites  responsible  for  its  reactivity  towards  free  nucleo- 
philes  [&lo]  and  also towards  enzymes  possessing  essen- 
tial  nucleophilic  residues,  e.g. papain  [ 1  l]  and  a-chymo- 
trypsin  [ 121. 
Acetylcholinesterase  (AChE)  is  a  key  enzyme  in  the 
transmission  of nerve  impulses  in  mammals  and  insects 
[ 13, 141, and  the target  in insects  of organophosphorous 
and  carbamate  pesticides  [15].  The  toxicity  of  these 
insecticides  resides  on  their  electrophilic  centres  which 
react  with  the nucleophilic  serine  moiety  at the substrate 
binding  site of the enzyme  [16].  The  similarities  between 
the  reactivity  of organophosphorous  and  carbamate  in- 
secticides  and  hydroxamic  acids  towards  nucleophiles, 
make  AChE  an  attractive  target  for  the  action  of these 
latter  compounds.  In  order  to  explore  this  possible 
mechanism  of toxicity  of DIMBOA  towards  aphids,  its 
interaction  with  AChE  from  homogenates  of  Rhopalo- 
siphum  padi  (L.) was  studied. 
REXJLTS  AND  DISCUSSION 
Identification  and  characterization  of  cholinesterases  from 
homogenates  of  R. padi 
Different  substrates  and  specific  inhibitors  were  em- 
ployed  to  distinguish  between  different  cholinesterases 
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present  in  whole  body  homogenates  of R.  padi  [15-171. 
The  homogenate  hydrolysed  acetylthiocholine  chloride 
(AcThCh)  at  a rate  of 0.19 pamoles min-  ’ mg-  ’ protein, 
butyrylthiocholine  chloride  (BuThCh)  at  0.08 
qoles  min-’  mg-’  protein  and  propionylthiocholine 
chloride  (PrThCh)  at  0.1 pmoles  mitt-’  mg-  ’  protein. 
Enzyme  activity  was  completely  inhibited  by  lo-’  M 
eserine  sulphate,  indicating  that  the  activity  was  related 
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to  cholinesterases  [18].  1,5-bis(4-allyldimethylammon- 
iumphenyl)-Pentan-3-one  dibromide  (BW284C51), a spe- 
cific  inhibitor  of  acetylcholinesterase  (AChE)  activity 
[19],  inhibited  at  10 PM 90%  of the enzyme  activity  with 
AcThCh  as  substrate  but  caused  no  inhibition  with 
BuThCh  or PrThCh  as substrates,  suggesting  that  at least 
90%  of  the  activity  of  the  crude  extracts  may  be  at- 
tributed  to AChE.  The  PrThCh  hydrolysing  activity  was 
inhibited  by  1OOpM iso-OMPA,  a  specific  inhibitor  of 
pseudocholinesterases  [16], to an extent  of 80%, confirm- 
ing  the  presence  of propionylcholinesterase. 
AChE  from  R. padi homogenates  showed  an  optimum 
pH of 7 (results  not  shown), in close resemblance  to values 
between  7 and  7.5 reported  for  Aphis  citricola  (van  der 
Goot)  [18]  and  Schizaphis graminum (Rondani)  [20], and 
in  contrast  to  values  ca  8.5  reported  for  mammalian 
cholinesterases  [13]. 
AChE  from  R. padi was inhibited  by p-chloromercuri- 
benzoic  acid  (PCMB)  (I,,, = 2 PM)  and  5,5’-dithiobis(2- 
nitro-benzoic  acid)  (DTNB)  (Is0 = 1 mM).  Inhibition  by 
PCMB  was  not  protected  by  the  substrate  AcThCh  at 
concentrations  2.4 or  4.8 mM,  suggesting  that  the  reac- 
ting  SH group  is not  located  at the active  site. In contrast, 
AChE  from  other  insects  such  as  Epkestia  kuehniella 
(Zeller),  Musca  domestica  L. and  Sitophilus granarius  L., 
and  from  bovine  erythrocytes  were insensitive  to PCMB 
(results  not  shown). 
Our  results  demonstrate  that  AChE  from  R.  padi  is 
significantly  different  from  other  cholinesterases,  pre- 
sumably  due  to  differences  in  the  structure  of the  active 
surface  of these enzymes  [18,20-221.  Moreover,  AChE  in 
R.  padi,  similarly  to  that  of  the  aphid  Myzus  persicae 
(Sulzer), appears  to contain  a cysteine  residue  outside  the 
active  site  which  reacts  with  SH  reagents  blocking  cata- 
lysis  of substrate  hydrolysis  [23]. 
Effect  of  DIMBOA  on  the  AChE  activity ffom  various 
sources 
AChE  activity  was  determined  in  homogenates  of 
various  insect  and  mammalian  tissue  in the presence  of 1, 
5 or  10 mM  DIMBOA.  Inactivation  of the AChE  activity 
increased  with  DIMBOA  concentration.  All cholinester- 
ases studied  were inactivated  by  DIMBOA  (Table  1). 
The  inactivation  of enzymes  by  DIMBOA  has  been 
related  to  the  chemical  reactivity  of  its  electrophilic 
centres  towards  nucleophilic  centres  of  the  enzymes. 
Thus,  DIMBOA  reacts  with  cysteine  residues  either 
through  its  hydroxamic  nitrogen  atom  or  through  the 
aldehyde  group  of the  open-chain  compound  2 [9,  241, 
with  which  it  forms  an  equilibrium  mixture  in  solution 
[25],  and  with  serine  residues  in  enzymes  through  the 
aldehyde  group  of 2 [12].  Finding  that  all cholinesterases 
studied  were inactivated  by  DIMBOA  suggests  that  the 
cysteine  residue  present  in the aphid  cholinesterase  is not 
of paramount  importance  and  that  the  main  reaction  of 
DIMBOA  occurs with the serine  moiety  at the active site. 
This  suggestion  was  supported  by  the  inability  of 
4-hydroxy-7-methoxy-1,4benzoxazin-3-one  (3)  to  in- 
activate  the  cholinesterase  from  R. padi,  under  identical 
experimental  conditions  to  inactivation  by  DIMBOA. 
Compound  3  retains  a  hydroxamic  acid  function  but 
cannot  form  aldol  2 and  hence  is not  able  to  generate  a 
reactive  aldehyde  group. 
Our  results  suggest  that  it is unlikely  that  cholinester- 
ases are an important  target  site for toxicity  of DIMBOA 
to  aphids  owing  to  the  high  concentrations  needed  for 
inactivation. 
EXPERIMENTAL 
Chemicals  and  chromatographic  media.  Biochemical 
reagents,  AChEs  from  bovine  erythrocytes  and  AChEs 
from human  erythrocytes  were from Sigma. Compound  3 
was  synthesized  essentially  by  described  methods  [26]. 
Compound  1  was isolated  from ethereal  extracts  of 6-day- 
old  maize  (Zea  mays L. cv T129s) seedlings  as described 
[27].  Sephadex  G-25M  columns  were from  Pharmacia. 
Insects.  Insects  used  were adults  of E.  kuehniella (Zel- 
ler), M. domestica L., S. granarius  L. and  R. padi (L.) taken 
from  standard  laboratory  cultures.  While  whole  bodies 
were  used  of S. granarius  and  R.  padi,  only  heads  were 
used  of  E.  kuehniella  and  M.  domestica.  Tissue  for  ex- 
periments  was frozen  in plastic  tubes  at  -  18” until  used. 
Preparation  of  insect  homogenates.  Homogenates  of 
frozen  tissues  were  prepared  at  4”  in  0.05 M  sodium 
phosphate  pH  7.5 containing  0.001 M EDTA.  The  hom- 
ogenate  was filtered  through  a single  layer  of cheesecloth 
Table  1. Inactivation  of acetylcholinesterases  from  various  sources  by DIMBOA 
Relative activity (% of maximum activity) 
R. padi  S. granarius  E. kuehniella  M. domestica  Human 
Control*  100  100  100  100  100 
DIMBOA  78  9  91  96  88 
1mM 
DIMBOA  58  75  83  81  24 
SmM 
DIMBOA  41  71  44  78  12 
10 mM 
*Specific activities  for controls  without  added  inactivator  were: 0.019 Umg-’  protein 
(R. padi),  0.021 (S. granarius),  0.013 (E.  kuehniella), 0.20  (M.  domestica) and  0.35 (human). Effect of hydroxamic acids on aphid cholinesterases  985 
and  the  filtrate  centrifuged  for  3 min  at  1500 g.  The  6. Nicol,  D., Copaja,  S. V., Wratten,  S. D. and Niemeyer, 
supernatants  were used as enzyme  samples,  after filtration  H.  M. (1992) Ann.  Appl.  Biol. 121, 11. 
through  Sephadex  G-25M  columns  eluted  with  10 mM  7.  Givovich,  A. and  Niemeyer,  H.  M. (1991) Ent.  Exp. 
Na-Pi  buffer  pH  7.  Appl.  59,  79. 
Determination of the catalytic actioity of cholinesterases. 
The activity  of cholinesterases  (ChE) was determined  by a 
variation  of the Ellman  method  [ 173. ChE  was incubated 
with  acylthiocholine  (AThCh)  at  37” for a specified  time 
interval.  At the end  of this  period  the enzymatic  reaction 
was  stopped  with  ethanol  and  the  colour  developed  by 
addition  of  DTNB.  The  absorbance  at  412 nm  was 
determined  against  a non-enzyme  reference. The reaction 
mixt.  consisted  of  1.2 mM  AThCh  and  30 pg  of protein 
from  the  extracts  in  0.05 M  sodium  phosphate  pH  7. 
When  measuring  the effect of the SH reagents,  DTNB  or 
PCMB,  these  were  added  together  with  the  substrate. 
Protein  content  was determined  by the method  of Brad- 
ford  as described  [28]. 
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